IMPORTANCE Although several studies have demonstrated an improvement in mortality for injured adults who receive whole-body computed tomography (WBCT), it is unclear whether children experience the same benefit.
T rauma is the leading cause of death among children in the United States. 1 Prompt and accurate detection are essential to the successful treatment of lifethreatening injuries. To meet this challenge, the use of computed tomography (CT) in the evaluation of injured patients has risen steadily over the past 25 years. [2] [3] [4] Computed tomography has the capability of providing the clinician with a highquality, 3-dimensional image of the injured patient. Some studies have suggested that the use of emergent whole-body CT (WBCT), particularly in those with severe trauma, may improve survival by identifying occult injury that would otherwise not have been detected with selective CT scanning. [5] [6] [7] [8] As a result, the use of WBCT has increased considerably, becoming the standard imaging tool at many centers for patients who experience blunt trauma. 9, 10 Although these studies evaluated mostly adults, several physicians support the use of emergent WBCT in children with blunt trauma.
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While CT is accurate in diagnosing injury, it exposes the patient to a substantial amount of ionizing radiation that several studies have found to be associated with an increased risk for future cancer. [13] [14] [15] Children appear to be especially sensitive to radiation and at higher risk for cancer compared with adults, because their organs are still developing and they have more time to manifest that risk.
The lack of pediatric-specific data regarding WBCT has forced many clinicians to extrapolate the findings of adult studies to children. Children have different injury patterns than adults 16, 17 and many injuries identified on CT do not require an operation. 18 Balancing the risk of occult, life-threatening injury and the risk of radiation-induced cancer is therefore a challenge for emergency and trauma specialists. The objective of this study is to determine whether emergent WBCT is associated with a lower mortality rate among injured children compared with a selective CT approach.
Methods

Data Source and Design
We conducted a retrospective, multicenter cohort study, using the National Trauma Data Bank (NTDB), of children injured between January 1, 2010, and December 31, 2014. 19 Data analysis was performed from February 2 to December 29, 2017. The study protocol was approved by the institutional review board at the Albert Einstein College of Medicine. Data were deidentified prior to release to the public.
Patients
Children between the ages of 6 months and 14 years with a history of sustaining blunt trauma were eligible for analysis. To avoid including patients who were too severely injured to undergo a CT scan, only those who received at least 1 CT scan within the first 2 hours of emergency department (ED) arrival were studied. This group therefore included both patients who received a WBCT and those who had the opportunity to receive WBCT but the clinician chose not to order it. In addition, we excluded patients who were transferred to or from another facility and those for whom a time of death or hospital discharge was not recorded.
Exposure Measures
Using International Classification of Diseases, Ninth Revision (ICD-9) procedure codes, patients were classified as having an emergent WBCT if they received CT head, CT chest, and CT abdomen/pelvis scans within the first 2 hours of ED arrival. Patients were classified as having selective CT if they did not receive WBCT within the first 2 hours of arrival. Traditionally, cervical spine CT has been included in the description of WBCT. However, there is no ICD-9 procedure code specific to cervical spine CT and thus we were unable to include this type of CT as part of our WBCT definition. We believe that this definition is acceptable as the mortality of children with cervical spine injuries is most often due to concomitant injuries (eg, head injury).
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Primary Outcome Measure
The primary outcome was in-hospital mortality in the 7 days after ED arrival. The cause of death is often different for patients who die in the first week of hospitalization compared with those who die in subsequent weeks. 21 We chose to not incorporate these latter patients among those experiencing the outcome so as not to include patients who died from complications of hospitalization (eg, infection) and not directly as a result of trauma.
Covariates
We examined the following patient and hospital characteristics as potential confounders: age, sex, race, mechanism of injury, payment type, Glasgow Coma Scale (GCS) score (ranging from 0 [not responsive] to 15 [fully responsive]), hypoxia, hypotension, use of assisted respirations, packed red blood cell (PRBC) transfusion received, plasma transfusion received, platelet transfusion received, chest tube thoracostomy placed, hospital type, adult and pediatric trauma center status, hospital region, and the number of pediatric beds at the hospital.
using frequencies and percentages and compared between groups using χ 2 tests. For all analyses of treatment effects, a robust variance estimator accounted for the correlation due to clustering of patients within hospitals. A P value <.05 was considered statistically significant for all analyses. Testing was 2-tailed and unpaired. All analyses were performed using Stata, version 15.1 (StataCorp).
Propensity Model
Children who receive WBCT are inherently different and often more severely injured than those who receive selective CT. To account for potential confounding in the association of WBCT and mortality, we created a propensity score for each patient and applied inverse probability weighting using the Treatment-Effects package in Stata, version 15.1.
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The propensity score represented the predicted probability of receiving treatment (ie, WBCT) conditional on the covariates listed above and was used to adjust covariate differences across WBCT and selective CT groups. Propensity score analyses adjust for selection bias that is intrinsic to observational studies and attempt to simulate the conditions present in a randomized clinical trial by balancing covariates across treatment groups before determining the outcome.
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The propensity score for treatment was determined using a logistic regression model with WBCT as the dependent variable and the above-listed covariates as independent variables. In addition, we examined 6 clinically plausible interactions: hypoxia and assisted respirations, pediatric trauma center status and number of pediatric beds, pediatric trauma center status and adult trauma center status, pediatric trauma center status and age, hypotension and PRBC transfusion, and PRBC transfusion and chest tube thoracostomy. We included the statistically significant interactions as product terms in the creation of this treatment model. We confirmed that the area of common support was sufficient by examining overlap plots of the propensity scores by treatment group. In addition, to meet the overlap assumption, patients with propensity scores smaller than the default tolerance of 1.00 • e −5 were excluded from the model (eTable 1 in the Supplement).
22
The propensity score was next used to create inverse probability weights for each patient. Using these weights, a propensity-weighted sample was created to make the WBCT and selective CT groups more similar, with respect to their baseline covariate distributions, than the overall sample. To confirm that the WBCT and selective CT groups were similar in the propensity-weighted sample, we next examined covariate balance. The following ranges for each covariate were used to indicate acceptable balance between groups: standardized difference, −0.15 to 0.15; and variance ratio, 0.5 to 2.0.
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To account for missing values in several of the independent covariates, we used a missing indicator approach. Missing values were coded as such and missing was included as a category for the variable. The propensity score thus attempted to balance both distributions of observed covariates, as well as distributions of missing data, across treatment groups.
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Outcomes and Subgroup Analyses
As the primary outcome, the absolute risk difference and relative risk (RR) of death between treatment groups were then calculated for both the unadjusted sample and the propensityweighted samples.
For secondary outcomes, we explored the association of WBCT and ED length of stay (LOS) and total hospital LOS. Because the distributions of both ED LOS and total hospital LOS were rightskewed, we calculated the absolute median difference between groups. This calculation was accomplished using a propensityscore-weighted quantile regression model, with LOS as the dependent variable and WBCT as the only independent variable.
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As prespecified subgroup analyses, we also examined separate propensity models for children with the highest likelihood of dying: occupants in motor vehicle crashes (MVCs), pedestrians in MVCs, patients with GCS scores lower than 9, patients with hypotension, and patients admitted to the intensive care unit. 6, 30, 31 
Sensitivity Analyses
We performed 3 sensitivity analyses to examine the stability of the primary outcome. First, as several authors have advised against adjusting for Injury Severity Score when examining the association of WBCT and mortality, 6, 32 we repeated the analysis with the addition of Injury Severity Score (ranging from 0 [uninjured] to 75 [usually unsurvivable injuries]) to examine its association with our results. Second, because head injury is the leading cause of death in children due to trauma but alone does not often necessitate WBCT, 6 we performed an additional analysis excluding patients with isolated head injury. 31 Third, we conducted post hoc tests of endogeneity to examine for the presence of potential unmeasured confounding variables that would alter our observations. A further description of these methods can be found in the eAppendix in the Supplement.
Results
Patient Characteristics
From 2010 to 2014, there were 51 793 children with blunt trauma who had a CT performed in the first 2 hours of their evaluation. After exclusions, 42 912 patients at 631 hospitals overall were eligible for analysis. The median number of patients enrolled per hospital was 24 (IQR, . A total of 8757 (20.4%) children received WBCT ( Figure) . These children were more likely to be older, be involved in a MVC, have a GCS score lower than 9, have hypoxia, have hypotension, and require assisted respiration, a chest tube, or blood products ( Table 1 ). In addition, these patients were less likely to be seen at a university hospital, pediatric trauma center, or the largest of pediatric hospitals. Forty-two (0.1%) patients were noted to have both blunt and penetrating trauma; 3 (7.1%) of these children received WBCT. Four interaction product terms were found to be statistically significant and included in the creation of the propensity score: hypoxia and assisted respirations (χ 2 4 = 18.5, P = .001), pediatric trauma center status and number of pediatric beds (χ 2 5 = 11.8, P = .04), pediatric trauma center status and adult trauma center status (χ 2 1 = 14.0, P < .001), and PRBC transfusion and chest tube thoracostomy (χ 2 1 =8. 9,P = .003). The distribution of baseline covariates in the propensityweighted sample mirrored that of the overall sample (Table 1) . When stratified by exposure group, however, covariate differences between the WBCT and selective CT groups that were present in the overall sample were no longer apparent in the propensity-weighted sample.
Standardized differences and variance ratios for baseline covariates prior to propensity weighting ranged from −0.59 to 0.59 and 0.19 to 8.92, respectively. After propensity score adjustment, standardized differences and variance ratios for baseline covariates ranged from −0.06 to 0.06 and 0.62 to 1.14, respectively, indicating improved covariate balance between the WBCT and selective CT groups (eTable 2 in the Supplement). Each subgroup analysis, after adjustment, similarly demonstrated improved covariate balance within the desired limits (eTables 3-7 in the Supplement).
Outcomes
Overall, 405 (0.9%) children died within 7 days from ED arrival. Mortality varied by mechanism, with MVC carrying the highest risk: MVC pedestrian, 101 (1.9%); MVC occupant, 167 (1.7%); MVC other, 35 (1.4%); fall from height, 11 (0.7%); assault, 23 (0.5%); fall, 30 (0.3%); other, 38 (0.5%). In addition, mortality was significantly higher for children with a GCS score lower than 9 (13.8% vs 0.1%; RR, 141.6; 95% CI, 101. 5-197.6) , children who were hypotensive (9.6% vs 0.7%; RR, 13.2; 95% CI, 10.7-16.4), or children admitted to the intensive care unit (3.1% vs 0.2%; RR, 16.5; 95% CI, 12.5-21.6), compared with those who were not. None of the patients who experienced both blunt and penetrating trauma died.
In an unadjusted analysis, children who received WBCT had a significantly higher risk of death compared with those who received selective CT. After propensity score adjustment, however, this association was attenuated and no longer significant ( Table 2 ). This lack of association similarly persisted after adjustment regardless of whether the child was a pedestrian struck by a motor vehicle, was an occupant in a MVC, had a GCS score lower than 9, was hypotensive, or was admitted to the intensive care unit.
Overall and for most subgroups, after adjustment, WBCT was associated with a shorter median ED LOS, but this difference was at most 30 minutes ( Table 3) . Median total hospital LOS, however, was consistently prolonged in the WBCT group overall and in every subgroup. This difference varied, depending on the analysis, from 19 to 48 hours.
Sensitivity Analyses
Children who received WBCT had a significantly higher median Injury Severity Score than those who underwent selective CT (10; IQR 5-17; vs 5; IQR, 3-10; P < .001). Adjusting for Injury Severity Score in our propensity models, however, produced similar results to our primary analysis (eTable 8 in the Supplement). In addition, there was little difference from our primary analysis after excluding patients with isolated head injury( eT able9intheSupplement). Moreover, there was no evidence of significant endogeneity in our primary analysis or in any of the subgroup analyses (eTable 10 in the Supplement), suggesting an overall lack of unmeasured confounding.
Discussion
In this large, multicenter, propensity-weighted study of children with blunt trauma, we found no evidence that WBCT was associated with lower mortality compared with selective CT. In addition, subgroup analyses of children with the highest risk of death did not demonstrate any significant survival benefit for those who received WBCT. The lack of improvement in mortality that we observed may suggest that any additional injuries that might have been detected by WBCT were either not life-threatening or did not offset the potential risk of an injured patient receiving a prolonged CT scan.
The association of WBCT and mortality is difficult to evaluate for several reasons and we designed our study with each reason in mind. First, while trauma is the leading cause of death for children in the United States, death due to blunt trauma occurs infrequently. Established in 1989, the NTDB represents the largest collection of trauma data ever assembled in the United States and provided us with a unique opportunity to study this rare outcome. Second, to examine any intervention that affects mortality using an observational cohort, the researcher must consider immortal time bias. Immortal time bias occurs when more severely injured patients die prior to receiving the intervention and thus, by design, are assigned to the comparison group.
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Inclusion of such patients can make the intervention misleadingly appear to improve survival and has been a criticism of prior studies involving WBCT. 34 To control for this bias, we included only patients who received at least 1 CT scan in the first 2 hours and thus must have had the opportunity to receive WBCT. Third, this association is subject to confounding by indication. Specifically, children with blunt trauma who receive multiple CTs are likely to be more injured than those who receive less imaging. This was demonstrated in our unadjusted analysis: children who received WBCT had a higher mortality rate than those who underwent selective CT. We attempted to deal with this bias by using propensity score weighting and making the WBCT and selective CT groups as similar as possible with respect to their baseline covariates prior to ascertaining the outcome. Moreover, we confirmed the stability of these findings in several high-risk subgroup and sensitivity analyses. While most of the prior investigations on adults have focused on whether WBCT improves survival, a few studies have attempted to address other possible benefits of WBCT, such as LOS. Our data concurred with the previous literature with regard to ED LOS and total hospital LOS. Although WBCT was associated with a shorter ED LOS, this difference in time was small; the pooled estimate of prior studies was approximately 15 minutes and in our overall adjusted analysis was approximately 25 minutes. 8 Moreover, this finding was consistent in all of the severely injured subgroups that we studied. Similarly, our study results agree with previous research demonstrating that WBCT is associated with an approximately 1 day longer hospital LOS compared with selective CT. 8 We surmise that the WBCT group in our study, despite being balanced with the selective CT group on multiple covariates, may have had more non-life-threatening injuries and incidental findings detected and that the physicians caring for them spent more time addressing these findings. While we recognize that the importance of identifying all non-life-threatening injuries and incidental findings will continue to be a matter of debate, 35 there is a shift in recent times for researchers to focus on identifying only injuries that are believed to be clinically important.
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Limitations
Our findings should be interpreted in light of the following limitations. First, our study investigated only mortality and LOS outcomes, and perhaps WBCT may have other benefits that would be helpful to the care of injured children, such as identifying nonlethal occult injuries. Second, because the NTDB includes only patients who were admitted or died after arrival, our sample may have been more severely injured than most children with blunt trauma who present to an ED. Most studies regarding WBCT have focused, however, on patients with higher acuity who, many believe, are more likely to benefit from WBCT. [5] [6] [7] Third, propensity score analyses can only balance exposure groups based on the variables included in the propensity score. While we attempted to include as many confounders as reasonably feasible using a preassembled national data set and after adjustment achieved good balance between groups for all measured covariates, residual confounding may have affected our results. Because a randomized clinical trial 39 to investigate the effect of WBCT on mortality in children with blunt trauma is impractical and may be considered unethical by some, this study offers the best available evidence on this issue to date in the pediatric literature. Further prospective study is needed to determine whether a selective CT approach performs as well as WBCT in other areas, such as the identification of clinically important occult injuries. This information would be particularly beneficial when performing a costeffectiveness analysis utilizing novel low-dose CT imaging technology.
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Conclusions
In this large, multicenter, propensity-weighted study of children with blunt trauma, emergent WBCT was not associated with lower mortality for children with blunt trauma, compared with a selective CT approach. This outcome was consistent regardless of how severely injured the children were. These results have implications for how emergency and trauma specialists care for injured children. Although WBCT may provide more information about the injured child, that information does not appear to be lifesaving. With growing concerns regarding excessive radiation exposure for injured children, physicians should attempt to limit CT exposure whenever possible. 
eAppendix. Expanded Notes on Methods
Data Source and Design
The NTDB compiles data annually from over 700 facilities across the US and Canada. The NTDB dataset includes only injured patients who were admitted to the hospital, died after evaluation in the emergency department (ED), or were dead on arrival to the ED. Participating hospitals submit their data using a standardized methodology and the data is then cleaned and validated before being released.
1
Study Patients
Children between the ages of 6 months and 14 years with a history of sustaining blunt trauma were eligible for analysis. We chose to study this particular age group for several reasons. First, we did not want to include infants who may have multiple comorbidities from birth or prematurity, or who were inadvertently included in the database due to birth trauma. In addition, the American College of Surgeons, the credentialing body for most US trauma centers, uses <15 years as its age cutoff when considering the hospital's volume count of pediatric patients for trauma designation. 2 Furthermore, we chose to study only blunt trauma patients as penetrating trauma often results in local injury and rarely necessitates a WBCT. Patients who sustained both blunt and penetrating trauma, however, were included. examined whether additionally adjusting for ISS would substantively affect our results. To accomplish this, we included ISS in our propensity model along with its clinically plausible interactions with mechanism, GCS <9, need for assisted respirations, hypotension, and PRBC transfusion. All interactions were first examined individually as product terms in the propensity model, found to be statistically significant (p<0.01), and thus remained in the model.
In our second sensitivity analysis, we evaluated the association of WBCT and mortality in children excluding those with isolated head injury. Head injury is the leading cause of death from blunt trauma and when occurring in isolation rarely necessitates WBCT. 7 We identified patients as having isolated head injuries if they had only Abbreviated Injury Scale (AIS) codes for the region of the head (100000 through 199999) but no AIS codes for any other region.
In our third sensitivity analysis, we sought to examine statistically whether there were any important confounding variables that were unaccounted for in the propensity model. One assumption of propensity scores models and treatment effect estimators is the lack of residual or "unmeasured" confounding. To examine for this type of endogeneity, 8 we employed a different procedure to estimate the treatment effect. Using the "control-function" approach incorporated into STATA's endogenous treatment effects commands, the residuals from a probit regression model with treatment (WBCT) as the dependent variable were included in a probit regression model with the outcome (death) as the dependent variable. 9 Both models included all aforementioned covariates; significant interaction terms were included in the treatment model only. We then performed a post-estimation test of endogeneity to examine for the presence of significant correlation between the two models which would indicate the presence of significant residual confounding. When endogeneity is present, the control-function approach will yield more accurate results by adjusting for the effect of these unmeasured confounders. When there is no endogeneity, however, it is preferable to use inverse probability weighting to estimate the treatment effect because this method will provide more valid standard errors.
